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7Table 1: Descriptions of the Variables
Section 3 in the text and the Data Appendix include detailed information about the data sources and how
we organize our sample. All nominal variables in this list have been converted into 1984 US dollars by
using CPI . When we calculated the firm’s total debt level, we also included the debt-like liabilities. This
solves the problem that some biotech companies never issue debts. When we calculated R&D stock, we
only considered the R&D expenditures since the firm went public (we don’t have R&D information before
the firm went public). So our calculation biases downwardly the size of the firm’s R&D stock. As a remedy
to this problem, we also use R&D expenditures in certain year as the proxy for intangible assets. Note also
that we choose 15% as the depreciation rate of R&D investment because most researchers think this as a
reasonable level (see Jaffe (1986)).
Variables                                                          Descriptions
Ties                             ties to star scientists: count of number of articles by star scientists who either are
                                    affiliated with  the firm or  co-authored with scientists affiliated with the firm.
X                                 firm specific intellectual human capital measure in our study: defined as the square
                                    root of ties to capture the concave relationship between the firm’s market value
                                    and its intellectual human capital measure.
C                                 observed market value: C = closing price X number of outstanding shares.
D                                 the debt level:  calculated as the discounted cumulative value of the firm’s debts
                                    where the  interest rate on 6-month treasury bill was used as the discount rate.
t maturity: calculated as the McCauley duration of the firm’s debts.
A                                 total assets: the book value of the total physical assets the firm owns, taken directly
                                    from COMPUSTAT database, item 6.
R&D                           firm’s R&D expenditures: taken from COMPUSTAT, item 46.
S                                  R&D stock: the depreciated cumulative value of the firm’s R&D expenditures with
                                    depreciation rate assumed to be 15%.
Patenta                        number of patents by application year.
Rtech                          dummy variable : = 1 if  the firm applies the recombinant DNA
                                   Technology, 0 otherwise.
Firmage                      the years that the firm has been practicing biotechnology: defined as year-entry year.
Grants                         number of research grants by Small Business Innovation Research (SBIR).
NVC                           number of venture capital rounds received by the firm in current year.
AVC                           dollar amount of the venture capital injected into the firm in current year
Qual1                          number of universities in the same BEA defined functional economic area as the firm
                                    which have biotech related programs rated 4.0 or higher in the NRC 1982 survey.
R                                 short-run instantaneous interest rate: we use the interest rate on 6-month treasury bill.                                                         Table 2
                                         Characteristics of the Sample
The sample consists of 343 observations. According to our data, there are 156 biotech firms going public
during 1979-1992. For those 156 firms, only 129 have records in the COMPUSTAT database. After
dropping the observations with total assets less than $15 million (in 1984 US dollars). The sample size is 90
firms and 343 observations. Note that all nominal variables in this table are expressed in millions of 1984
US dollars.
Variable                                                                    Mean        Std.. Dev.     Minimum          Maximum
Ties to star scientist                                                0.638             2.816                   0                   28
Square root of ties ( X)                                           0.247             0.761                   0                   5.29
Observed market value                                         254.77             660.62                4.496             7334
Total asset                                                              81.566            130.37                15.01             979.56
R&D stock                                                             34.36                62.4                   0.295            623.11
R&D expenditure                                                  12.25                 21.25                 0                  192.55
Number of patents by application dates                  0.796              1.811                  0                    14
Number of patents by grant dates                            0.900             1.89                     0                    13
Top universities in the same BEA                           1.82               1.019                   0                     3
Grants from SBIR                                                    0.096             0.411                   0                      5
Number of venture capital rounds                           0.064             0.31                      0                     2
Years the firm has been doing biotechnology          7.33              2.98                      0                    16
Debt level                                                                 10.71            24.45                     0.13              292.19
Maturity of the debt                                                   1.27             0.415                    1                     3.68
Number of observations: 343 ( 90 firms observed for a total of 343 years).Table 3: Estimation of Implicit Parameters and Tests of Hypotheses
The sample consists of 343 observations for 90 biotech public companies. We use GMM method to
estimate the implicit parameters. Panel A contains the results for the unrestricted model. After we figure
out the unrestricted estimates, we use them to calculate the weighted matrix, W. In Panel B and Panel C,
we use GMM to estimate the minimum distance estimators for the restricted models. Note that the weighted
matrix we use in Panel B and Panel C is the unrestricted matrix that is solved out in Panel A. Panel D
includes the details of our hypothesis tests.  Also note that we use R&D stock as the proxy for the firm’s
intangible assets.
                                      Panel A: Unrestricted Model
                                              a                b              s              l0           l1            mJ              s
2
J
Estimate                            2.0134       0.8131      0.1164      0.3014     0.2846    -0.3705      0.0938
Standard Deviation           0.0000       0.0000      0.0003       0.0001    0.0001     0.0002       0.0000
c
2 statistic = 14.77;   degree of freedom = 4.
                                       Panel B: Restricted Model ( with l1= 0)
                                              a                b              s              l0           l1            mJ              s
2
J
Estimate                            2.9369          1.4370     0.1152      0.2989                  -0.4321      0.1209
Standard Deviation           0.0000       0.0000      0.0017      0.0016                     0.0024       0.0000
c
2 -statistic = 31.62;   degree of freedom = 5.
                                       Panel C: Restricted Model ( with   l0 = l1= 0)
                                              a                b              s              l0           l1            mJ              s
2
J
Estimate                            2.3400         2.7400     0.1085
Standard Deviation           0.0000       0.0000      0.0000
c
2 -statistic = 45.69;   degree of freedom = 8.
                                       Panel D: Tests of Hypotheses
H1: l0 = l1= 0 .   By using Newy and West (1987)’s D-test, we know that c
2(4) = 30.92, which is
significant at 1% confidence level and  H1 is rejected. Jumps in the firm’s market valuation exist.
H0: l1 = 0.        Similarly, we use the D-test. Here, we have c
2 (1) = 16.85, which is significant at 1%
confidence level, so H1 is rejected. Jumps in the firm’s market value are related to firm’s intellectual human
capital as measured by ties to star scientists.                                                        Table 4
                Estimation of Implicit Parameters Using R&D Expenditures Instead of R&D Stock
One challenge to our study is to find the appropriate proxy for the firm’s intangible assets. In Table 3, we
use R&D stock as the proxy. R&D stock may be a noisy measure of the firm’s intangible assets. Some
researchers have used R&D expenditures directly as the measure of intangible assets. In this table, we use
R&D expenditure (in 1984 US dollars) to proxy intangible assets, S.
The estimation results are reported below.  The shadow price of intangible assets, b, has increased from 0.8
to 1.8. The magnitude of increase is consistent with  findings of  other researchers.(See Hall (1999) for a
survey.)
                                              a                b              s              l0           l1            mJ              s
2
J
Estimate                            2.0481
*     1.8720
*      0.1181
*      0.3001
*    0.1223
*   -0.3795
*      0.0903
*
Standard Deviation           0.0000       0.0000       0.0013       0.0004     0.0000     0.0006       0.0000
c
2 statistic = 13.03;   degree of freedom = 4.
  
*   significant at 1% confidence level.Table 5  Robustness Analyses of the Model
We first define the estimation error of the model as Per: the difference between the observed market value
and model value divided by observed market value. Per  measures how well the model fits in the actual
data. If our model is correctly specified, we expect Per to be uncorrelated with the main explanatory
variables in our empirical study. Panel A of this table provides the correlation coefficients for Per and for
market value and the other variables. The P-values are included in the brackets. In Panel B, with Per as the
dependent variable, OLS regression shows that the estimation errors of our model are mainly explained by
the moneyness of the option (defined as debt level / firm’s valued asset) and year dummies. This confirms
that our model indeed is correctly specified and is able to capture the effects of intellectual human capital
and technological innovations on the firm’s market valuation.
                       Panel A: Correlation Analysis     N = 343 (Pearson Correlation Coefficients/P-values)
Variables                                                                                Observed Market value    Estimation error (Per)
Ties to star scientist                                                               0.45256 (0.0001)              0.06417 (0.2359)
Debt level                                                                              0.88806 (0.0001)              0.06271 (0.2468)
Maturity                                                                                 0.01122 (0.8360)             -0.01704 (0.7532)
Total assets                                                                            0.81585 (0.0001)              0.09658 (0.0740)
R&D stock                                                                             0.66666 (0.0001)             0.07550 (0.1627)
Number of patents by application dates                                0.14573 (0.0069)             0.01290 (0.8119)
Dummy if the firm applies rDNA technology                       0.12671 (0.0189)             -0.01043 (0.8474)
Number of top universities in the same region as the firm   0.13342 (0.0134)             -0.01402 (0.7959)
Number of venture capital rounds                                        -0.04878 (0.3678)             0.07485 (0.1666)
Number of SBIR grants                                                       -0.05285 (0.3292)              0.02499 (0.6446)
The years the firm has been doing biotechnology                0.30759 (0.0001)              -0.01307 (0.8094)
                                               Panel B: Regression Analysis (absolute t-statistics are in parentheses)
Independent Variables                                                                       Dependent variables
                                                                                        --------------------------------------------------------------
                                                                                                Log (market value)          Estimation error (Per)
Ties to star scientists                                                               0.04693
** (3.17)                0.0217   (0.76)
Number of patents by application dates                                 -0.01584   (0.67)                0.0061   (0.13)
SBIR grants                                                                            -0.31367   (0.38)                -0.1044  (0.06)
Venture capital rounds                                                            0.09234    (0.83)                0.2244   (1.05)
Top universities in the same BEA as the firm                        -0.01826   (0.51)               -0.0937   (1.36)
Log (total assets)                                                                       0.91328
** (17.77)             0.1926  (1.89)
Log (R&D stock)                                                                     0.11122
** (2.53)                -0.0339  (0.38)
The years the firm has been doing biotechnology                   0.00510   (0.38)                0.0008   (0.03)
Dummy if the firm applies rDNA technology                        -0.10000   (1.33)               -0.1094  (0.75)
Dummy if year = 1986                                                            -0.01384   (0.11)               -0.0287  (0.12)
Dummy if year = 1989                                                            -0.19923   (1.70)               -0.2600  (1.15)
Dummy if year = 1990                                                            -0.33940
** (2.92)               -1.0487
**(4.67)
Dummy if year = 1991                                                             0.45514
** (4.78)                0.5273
** (2.87)
Constant                                                                                   0.86361
** (5.17)                -0.6093  (1.82)
Moneyness ( D/(2.0134xA+0.8131xS))                                                                            -3.2712
** (2.25)
Adjusted R
2                                                                                                                        0.72                                    0.10
F- Statistic                                                                               68.59                                   3.74
Number of observations                                                          343                                      343
 
** significant at 5% confidence level.                                                                 Table 6
                 Sensitivity Analysis of the effects of Ties on the Firm’s Market Valuation
In this table, we calculate the model values for firms with different sizes. We then calculate how the firm’s
model value increases with the increase of the firm-specific intellectual human capital measure, ties. We
choose the firms which are 25
th percentile, 50
th  percentile, 75
th percentile, 90
th  percentile and also the firm
which takes industry mean values for its total asset, R&D stock, debt level and maturity. Here, we assume
that the short run risk free interest rate is 6%. Based on our model, the contribution of star scientist to the
firm’s market value depends on the size of the firm. If the star scientists are tied to larger firms, they would
bring more value to the firms. All variables are in millions.
                                                     25%                                      50%                                         75%
                                              -------------------------              --------------------------           ----------------------
 number of ties                     model value  increase             model value  increase          model value increase
            0                                 55.55                                        96.61                                   203.70
            1                                 58.85            3.30                    102.73          6.12                 221.15        17.45
            2                                 60.32            1.47                    105.48          2.75                 229.16         8.01
            3                                 61.50            1.18                    107.67          2.19                 235.64         6.48
            4                                 62.52            1.02                    109.58          1.91                 241.37         5.73
            5                                 63.44            0.92                    111.31          1.73                 246.56         5.19
            6                                 64.30            0.86                    112.91          1.60                 251.43         4.87
            7                                 65.10            0.80                    114.42          1.51                 256.04         4.61
            8                                 65.86            0.76                    115.85          1.43                 260.45         4.41
            9                                 66.59            0.73                    117.23          1.38                 264.71         4.26
                                                   90%                                      mean
                                              -------------------------              --------------------------
 number of ties                     model value  increase             model value  increase
            0                                440.42                                     200.94
            1                                494.38          53.9                    216.67           15.73
            2                                520.05          25.67                  223.82            7.15
            3                                541.23          21.18                  229.60            5.78
            4                                560.15          18.92                  234.65            5.05
            5                                577.67          17.52                  239.23            4.58
            6                                594.23          16.56                  243.55            4.32
            7                                610.09          15.86                  247.61            4.06
            8                                625.41          15.32                  251.48            3.87






































































Figure 2: Estimated Effect of Number of Star Ties on a Firm's Market Value
25 percentile 50 percentile 75 percentile 90 percentile















Figure 3:Marginal Increase of Market Value due to Ties as the Number of Ties Increases
25 percentile 50 percentile 75 percentile 90 percentile